INTRODUCTION
In recent years, biomedical research revealed that the human body is host to around 100 trillion microbes that resides on or within a number of tissues and biofluids, including the skin, placenta, seminal fluid, uterus, lung, saliva, mucosa, and gastrointestinal tracts. [1] We have more microorganisms than we have our own human cells, which are outnumbered by approximately 3-1. [2] Types of microbiota include bacteria, archaea, fungi, and viruses. Bacterial cells and genes are as part of the body. In another word, humans are not single organisms, but superorganisms made up of lots of microbiota working together. Human microbiota and their genome, microbiome, are crucial to health and disease, particularly with respect to their roles in maintaining immune functions, aiding in food digestion, and acting as defense systems against pathogens. [3, 4] Changes of microflora profiles and behaviors in human bodies are associated with human diseases, such as cardiovascular disease, metabolic disease, autoimmune disease, and cancer. To a large extent, human disease phenotypes are results of interactions among the human genome, microbiome, and the environment, [5] as diseases are genotype/environment-induced phenotypic variants that are not compatible with a current environment. [6] Environmental challenges, such as pollutions (air, water, and food) and lifestyles, have profound impacts on human microbiome that are associated with the initiation and progression of the diseases.
The importance of human microbiota and their genomes, human microbiome, in health and disease has been increasingly recognized. Human microbiome has tremendous impact in our pathophysiology by modulating metabolic functions, protecting against pathogens, and educating the immune system. In particular, human microbiome is a major player at the interface between humans and their environment and therefore is crucial to the development of environmental disease. In this article, we briefly summarize and interpret the recent advances in the understanding of the roles of human microbiome in environment-related health and disease, and call for a more systematic integration of human microbiome and environmental disease research within the framework of evolutionary medicine. 
Environmental Disease

HUMAN MICROBIOME IS AN ADDITION TO THE HUMAN GENOME
The human genome is the genetic blueprint of human biology. Human microbiome is composed of the microbes as well as their genes and genomes that live in the human body. The human microbiome has been increasingly recognized as an important source of genetic diversity, a disease modulator, and an essential component of immunity. [7] To emphasize the interaction and unity of human genome and microbiome, a term "hologenome" is used to describe the complex of the host and microbial genome. [8, 9] Microbiome is considered as a stable component of hologenome, and the traits encoded by microbiome may be beneficial, detrimental, or no consequence to the host. The definition of hologenome contributes to a precise understanding of genetic variations in human that could be attributed to the changes of microbiome [ Figure 1 ]. The changes in micobiome can be acquired from environment or hosts through the changes in microbial abundance and vertical or horizontal gene transfers. The National Institutes of Health of the United States has initiated Human Microbiome Project (HMP) to sequence the genome of the human microbiota, particularly the microbiota that inhabit the skin, mouth, nose, digestive tract, and vagina, with the mission of generating resources enabling comprehensive characterization of the human microbiota and analysis of their roles in health and disease. [10] The following research efforts have been proposed for HMP: (1) developing a reference set of microbial genome sequences and preliminary characterization of the human microbiome, (2) elucidating the relationship between disease and changes in the human microbiome, (3) developing new technologies for computational analysis, (4) developing new tools for computational analysis, and (4) establishing data analysis and coordinating center.
HUMAN MICROBIOME INTERACTS WITH ENVIRONMENTAL FACTORS TO INFLUENCE HUMAN PATHOPHYSIOLOGY
The interactions between human genomics, the microbiome, and the environment have significant impact in human pathophysiology [ Figure 1 ]. The profile of human microbiome can be affected by many environmental factors, such as life styles, exercise, pollutions, and nutrients. [5, 11] For example, exercise and diets influence human gut microbial diversity and intestinal dysbiosis associated with liver diseases and metabolic dysfunction. [12, 13] Many modern lifestyles have negative impact in the microbiome. Physical inactivity, chronic stress, air and water pollutions, day-night shift work schedule, antibiotics and other drugs with antimicrobial activities, and highly processed diet can alter the functional microbiome. [14, 15] The host's pathophysiological conditions can also affect microbiota. Hyperimmunity with increased levels of pro-inflammatory cytokines, such as tumor necrosis factor-α and interleukin-6, or immunodeficiency can significantly affect the human microbiota composition. [16, 17] On the other hand, human microbiota has significant impact in human pathophysiology. Gut microbiota influences human intestinal function by promoting gut-associated tissue regeneration, motility, and reducing the permeability of gut epithelial cells. [18] Alterations in the microbiota composition affect host's metabolism, behavior, and stress responses. [19] [20] [21] In addition, microbiota can also influence host's vascular system, and nervous system by repressing synaptic connectivity and promoting anxiety-like behavior. [22, 23] 
TRANSLATIONAL APPLICATIONS OF ENGINEERING HUMAN MICROBIOME IN HEALTH AND DISEASE
Human microbiome acts as the first line of defense against pathogens. Development of many diseases is associated with disturbance of microbiome in human body. The microbiome field has been increasingly reaching a real translational discipline. [24] Microbiome-based medical treatments and applications are emerging. An important application of microbiome is medical diagnosis. Predefined microbiome markers may be used for diagnosis of disease. In additionally, analysis of patient microbiome profile could guild therapy decision-making for particular diseases. [25] Precision or personalized medicine can be more effective by considering patient's microbiomes. Analyzing microbial compositions from patients' fecal and oral materials can reveal whether diseases shape the microbiome or vice versa. [24, 26] The related information may be critical to determine the causes where the microbiome creates disease susceptibilities or maintains chronic disease conditions. An important application of human microbiome is microbiota transfer therapy (MTT). A recent study suggested that MTT can improve the symptom of autism spectrum disorders (ASDs). [27] Although the causes of ASD were poorly understood, gut microbiota have been implicated because children with ASD are associated with abnormal gut bacteria and suffer gastrointestinal problems. A 2-week antibiotic treatment and a bowel cleanse followed by an extended fecal microbiota transplant treatment for 7-8 weeks led to an approximately 80% reduction of gastrointestinal symptoms of ASD, including significant improvements in constipation, diarrhea, indigestion, and abdominal pain.
[27]
CHALLENGES AND OPPORTUNITIES
Despite the excitement within this emerging field, many challenges remain. First, while the contribution of microbiota to disease phenotypes can be demonstrated in various model systems, it is much harder to illustrate the same contributions in individuals when there are more diverse factors involved. Second, there are limited quantitative studies to compare the real contribution of microbiota in the clinic (or even in model systems) when there are other factors involved, including genomic and developmental factors. Third, the highly diverse pattern of microbiota could simply reflects a local environmental difference (e.g., the food we eat, the local conditions); how would one separate out these other causative factors (after all, patients of any kind often represent the minority of the population in the same environments)? Fourth, it is known that microbiota dynamics are high, and that redistribution can be quickly achieved, so how would one avoid the unexpected emergence of the initial treatment? Clearly, microbiota research will provide additional important knowledge of human diseases, but will not become a new magic bullet. New ideas are thus needed in this field to integrate microbiota with the human genome rather than with individual genes, as the human genome represents a genomic package for evolutionary selection, [28, 29] and the coexisting microgenomes act as another layer to modify genetic information. Such a realization further supports the concept that overall genome instability is a common basis for many diseases. [6] Most importantly, the concepts of adaptive systems and evolutionary medicine should be used in this field, [30] and the interaction of the human genome and microgenomes are only meaningful in the context of somatic cell evolution, because fundamentally, all genomic-environmental interactions can be considered as system-stress responses, which not only represents an evolutionary trade-off but also contributes to increased fuzzy inheritance. [31, 32] The microbiota plays major roles in human health and disease. As an important addition to the human genome, microbiome is critically involved in human pathophysiology. The increasing environmental challenges and the interactions between environmental factors, human host, and microbiota implicate that human microbiome is a critical concept of research in environmental diseases. Although the application of microbiome in diagnostic and precision medicine is still in its early stage, it shows a promising future in treating modern human common disease, particularly those that are associated with environmental factors. The growing recognition of the physiological significance of human microbiome in environmental diseases and its potential applications in disease diagnosis and therapy projects that human microbiome is a hot biomedical research topic in the future, and the concept of evolutionary medicine will further advance this exciting field.
